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Apparatus and Method for an Integrated 
High-Performance Electrical Interconnect 



BACKGROUND 

A printed circuit board may be used to enable signaling between devices, such as 
processors or other types of integrated circuits. For example, two or more devices may 
be mounted on a rigid, non-conducting substrate and signals may be transmitted between 
5 the devices via conductive paths, called "traces," that are attached to the substrate. 

To accommodate signals that are transmitted at relatively high rates, however, the 
quality of a printed circuit board may need to be improved. For example, a high-speed 
system bus may require that a substrate be formed using a substantially homogeneous 
material. Similarly, high-speed signaling may require more precise manufacturing 
10 techniques (e.g., to reduce variations in the width of the traces). As a result, the cost of a 
printed circuit board may be increased and/or the board may be more difficult to 
manufacture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an apparatus including two devices coupled to a 
1 5 printed circuit board. 



FIG. 



2 is a block diagram of an apparatus according to some embodiments. 



FIG. 



3 is a block diagram of an apparatus according to another embodiment. 



FIG. 



4 is a side-view of an apparatus according to some embodiments. 



FIG. 



5 is a flow chart of a method according to some embodiments. 
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FIG. 



6 is a block diagram of an apparatus according to another embodiment. 



FIG. 



7 illustrates a system according to some embodiments. 



FIG. 



8 is a block diagram of an apparatus according to still another embodiment. 
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FIG. 9 is a side-view of an apparatus according to yet another embodiment. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram of an apparatus 100 that includes two devices 1 10, 150 
coupled to a rigid, non-conducting substrate 120. The devices 1 10, 150 may be, for 
5 example, integrated circuit packages or a sockets adapted to receive integrated circuits. 

As represented by the dashed line in FIG. 1, the first device 110 may transmit a 
signal to the second device through a pad 1 12. The signal may then travel through a 
solderball joint 130 to a printed circuit board pad 122. Note that a solder mask 124 may 
comprise a coating that has been applied over selected areas of the substrate 120 such that 
1 0 only uncoated areas are soldered (e.g. , the board pads 1 22). 

The signal may then travel along a trace (e.g., a copper path that has been etched 
onto the substrate 120) to reach the second device 150 (e.g., via another printed circuit 
board pad 122, a solderball joint 130, and a pad 1 12 on the second device 150). 

To maintain signal integrity when signals are transmitted at a relatively high rate, 
1 5 the quality of the printed circuit board may need to be increased. For example, the 
substrate 120 may need to be formed using a higher-quality (e.g., more homogeneous) 
insulating medium or "dielectric material. ,, In addition, traces and through-holes (e.g., 
"vias" that are used to connect conductors on different sides or layers of the substrate 
120) might need to be formed with increased accuracy. As a result, the cost of a printed 
20 circuit board may be increased and/or high- volume manufacturing may be impractical. 

FIG. 2 is a block diagram of an apparatus 200 according to some embodiments. 
In this case, a lower-quality printed circuit board portion 210 may enable signaling 
between some devices 212, 214 while a higher-quality printed circuit board portion 220 
enables signaling between other devices 222, 224. The devices may be associated with, 
25 for example, a socket, a package, a chip-set, a processor, a peripheral interface, and/or an 
input output device. 
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The lower-quality portion 210 may be formed, for example, using a lower-quality 
dielectric material while the higher-quality portion 220 is formed using a higher-quality 
(e.g., more homogeneous) dielectric material. The higher-quality dielectric material may, 
for example, improve skew and dispersion characteristics of the higher-quality portion 
5 220 allowing for higher-speed signaling as compared to the lower-quality portion 210. 
As one example, the dielectric material used for the higher quality portion 220 may 
comprise KAPTON® polyimide film available from DUPONT®. 

According to some embodiments, the higher-quality portion 220 is relatively thin 
and is formed with more stringent manufacturing tolerances (e.g., for the substrate, vias, 
1 0 and traces) as compared to the lower-quality portion 2 1 0. 

As a result, the higher-quality portion 220 may have improved signaling 
characteristics as compared to the lower-quality portion 210. Note, however, that the 
improved materials and/or manufacturing tolerances might make production of the high- 
quality portion 220 more expensive and/or difficult as compared to the lower-quality 
1 5 portion 210. By using the high-quality portion 220 only in areas where high-speed 
signaling is desired (e.g., for a high-speed interconnect between devices 222, 224 or a 
system bus), the cost of the apparatus 200 may be reduced. Moreover, existing 
technologies and board design procedures (e.g., that are appropriate for high- volume 
manufacturing) may be used for the lower-quality portion 210. 

20 As described with respect to FIG. 4, the higher-quality portion 220 may be 

integrated into a solderjoint interface area between the devices 222, 224 and the lower- 
quality portion 210. In addition, at least a portion of the devices 222, 224 may be 
electrically connected to both the higher-quality portion 220 and the lower-quality 
portion 210. 

25 As illustrated in FIG. 2, the entire devices 222, 224 can be electrically coupled to 

the higher-quality portion 220 (e.g., all pins of the devices 222, 224 may be soldered to 
the higher-quality portion 220). FIG. 3 is a block diagram of an apparatus 300 according 
to another embodiment. In this case, some pins of a first device 332 can exchange signals 
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with some pins of a second device 334 through a higher-quality printed circuit board 
portion 320 while other pins exchange signals via a lower-quality printed circuit board 
portion 310. For example, the first device 332 might be a chip-set, the second device 334 
may be a processor, and the processor and chip-set may communicate via a high-speed 
5 bus formed on the higher-quality portion 320. According to other embodiments, some 
devices are entirely electrically coupled to the higher-quality portion 320 while other 
devices are only partially coupled. 

The higher-quality portion 320 might be integrated into a solderjoint interface 
area between the devices 332, 334 and the lower-quality portion 310. For example, FIG. 
10 4 is a side-view of an apparatus 400 according to some embodiments. Some pins of a 
device 450 (e.g., a socket or package) are coupled to a lower-quality substrate 410 via a 
pad 452, a solderball 430, and a circuit board pad 412. 

With other pins, a thin board 420 of dielectric material is provided in the 
solderjoint 432 interface area between the device 450 and the substrate 410 (e.g., the 

1 5 solderjoints 432 extending through vias in the thin board 420). These pins can then 

exchange signals via traces 422 on the thin board 420. That is, the substrate 410 may be 
associated with the lower-quality portion 3 10 in FIG. 3 while the thin board 420 (and 
traces 422) are associated with the higher-quality portion 320. Note that the traces 422 
could be formed on one or more conductor layers (e.g., a single layer design might be 

20 used for differential signaling while a two layer design is used for a single-ended 
application). 

The arrangement illustrated in FIG. 4 may improve thermal characteristics (e.g., a 
thermal solution might not be obscured) and/or provide moisture resistance to further 
enhance high-speed signaling performance. Moreover, the additional space that is 
25 available may reduce cross-talk, and the impedance characteristics of the apparatus 400 
may be improved. 

FIG. 5 is a flow chart of a method according to some embodiments. The flow 
chart does not necessarily imply a fixed order to the actions, and embodiments may be 
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performed in any order that is practicable. The method of FIG. 5 may be associated with, 
for example, the apparatus 400 of FIG. 4. 

At 502, traces are formed on a first printed circuit board portion. The first portion 
may comprise, for example, a board having a lower-quality dielectric material. At 504, 
5 traces are formed on a second printed circuit board portion. The second portion may 
comprise, for example, a thin board having a higher-quality dielectric material. At 506, 
signals are provided through traces on the first portion (e.g., low-speed signals). At 508, 
signals are provided through traces on the second portion (e.g., high-speed signals 
associated with a system bus). 

10 FIG. 6 is a block diagram of an apparatus 600 according to another embodiment. 

In this case, a chipset 622 is coupled to a higher-quality printed circuit board portion 620. 
The higher-quality portion 620 includes an area 624 (represented by dashed lines in FIG. 
6) where a processor may be mounted. The higher-quality portion 620 may also include 
a hole 630 through which the processor can be coupled to a lower-quality printed circuit 

1 5 board portion 610. For example, the shaded area in FIG. 6 might be used to couple 
processor pins associated an Input Output (IO) ring or bus to the higher-quality portion 
620 while the hole 630 is used to couple pins associated with power connections to the 
lower-quality portion 610. In this way, the processor may exchange information with the 
chip-set 622 via the high-speed IO bus (while power connections will not require a 

20 higher-quality, and more expensive, printed circuit board). 

FIG. 7 illustrates a system 700, such as a Personal Computer (PC) or server, 
according to some embodiments. The system includes a lower-quality printed circuit 
board portion 710 as well as devices 732, 734 coupled via a higher-quality printed circuit 
board portion 720. The system further includes a power supply 740 to receive 
25 Alternating Current (AC) power and to provide Direct Current (DC) power to the lower- 
quality portion 710. According to some embodiments, the higher-quality portion 720 is 
integrated into a solderjoint interface area between the devices 732, 734 and the lower- 
quality portion 710. 
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The following illustrates various additional embodiments. These do not constitute 
a definition of all possible embodiments, and those skilled in the art will understand that 
many other embodiments are possible. Further, although the following embodiments are 
briefly described for clarity, those skilled in the art will understand how to make any 
5 changes, if necessary, to the above description to accommodate these and other 
embodiments and applications. 

Although specific printed circuit board arrangements have been described, 
embodiments may be used in connection with any type of layout. For example, FIG. 8 is 
a block diagram of an apparatus 800 according to still another embodiment. In this case, 
1 0 part of a higher-quality printed circuit board portion 820 extends beyond the lower- 
quality printed circuit board portion 810. For example, a chip-set 822 might be 
electrically coupled to both the lower-quality portion 810 and the higher-quality portion 
820 while a processor 824 is only coupled to the higher-quality portion 820. 

FIG. 9 is a side-view of an apparatus 900 according to yet another embodiment. 
1 5 In this case, a higher-quality portion 920 is not integrated into a solderjoint interface area 
between devices 922, 924 and a lower-quality portion 910. Instead, the devices 922, 924 
are soldered to the higher-quality portion 920 which in turn is attached to the lower- 
quality portion 910 via coupling elements 930 (e.g., screws, glue, or other fastening 
elements). 

20 The several embodiments described herein are solely for the purpose of 

illustration. Persons skilled in the art will recognize from this description other 
embodiments may be practiced with modifications and alterations limited only by the 
claims. 
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